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Abstract 
Effect of interface stress upon the interaction between a screw dislocation and a coated nano- 
inhomogeneity is investigated in the framework of surface elasticity. By using the complex variable 
function method, the stress fields in the inhomogeneous materials and the image force acting on the screw 
dislocation are derived analytically. The results indicate that, when the radius of the coated 
inhomogeneity is reduced to nanometers, the influence of interface stress on the motion of the dislocation 
near the inhomogeneity becomes significant and the image force acting on the screw dislocation depends 
on the coated inhomogeneity size, which differs from the classical solution.
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1. INTRODUCTION
Interactions between dislocations and inhomogeneities play an important role in the strength and stiffness 
of crystalline materials, and have attracted much attention since the pioneering work of Head (1953). For 
example, Dundurs (1967) calculated the displacement and stress fields of a screw dislocation near a 
circular elastic inhomogeneity. Sendeckyj (1970) extended this problem to the case of multiple 
inhomogeneities. Recently, the elastic interaction of screw dislocations with interphase boundaries of the 
circular inhomogeneities coated by one (Fan and Wang, 2003), two (Sudak, 2003) and many (Honein et 
al., 2006) intermediate layers has been studied. In their researches, the circular interface boundaries are 
assumed to be perfect (continuous displacement and traction across the interface) or imperfect. 
In the aforementioned studies, however, the effect of interface stress is not taken into account. The 
interface of solids is a special region with a very small thickness. Since the interface-to-volume ratio in 
the nano-scale domain is relatively high compared to that in the macro-scale domain, the interface stress 
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plays a significant role on the size-dependent behavior of nanoscale elements or devices (Wong et al., 
1997; Kulkarni and Zhou, 2006). Since there is no intrinsic length scale involved in the constitutive laws 
of the classical elastic theory, it can not predict the size-dependent behavior of nanosized structures and 
devices. 
Recently, the interaction between a screw dislocation and a circular nano- inhomogeneity 
incorporating interface stress has been considered by Fang’s research group (Liu and Fang, 2007). In their 
papers, interface stress is restricted at the interface between the inhomogeneity and the infinite matrix. It 
is well known that the three-phase (inclusion/interphase /matrix) model is of great practical and 
theoretical value in composites mechanics researches. In most fiber-reinforced composite materials, 
coated fibers are widely employed in the design stage to improve the bonding strength between fibers and 
the matrix. In the present paper, we study the problem of the elastic interaction between a screw 
dislocation and a coated nano-inhomogeneity incorporating interface stress. The interface stresses at the 
inner and outer interfaces of the annular coated layer are considered. By means of a complex variable 
technique, the explicit solutions of the complex potentials are obtained. The image forces exerted on the 
screw dislocations are derived. 
2. COATED INHOMOGENEITY WITH INTERFACE EFFECT 
Let us consider an infinite isotropic medium containing a circular inhomogeneity and an annular coating 
layer under anti-plane problem, where R1 and R2 are the inner and outer radii of the coated annulus. L1 
and L2 indicate the interfaces between the inhomogeneity and the coating layer, the coating layer and the 
matrix, respectively. A screw dislocation is located at the point z0 in the matrix. In anti-plane state, the 
displacement w, the shear stress components xzV  and yzV  of the materials can be expressed in terms of a 
single analytical function (complex potential function) with respect to the complex variable z=x+jy (j2=-1). 
Following Gurtin and Murdoch (1975), for the considered anti-plane problem, we obtain 
in the bulk (Muskhelishvili, 1975): 
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and in the interfaces (Liu et al., 2003; Liu and Fang, 2007): 
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where let super- and subscript i to 1, 2, 3, which refers to the inhomogeneity, coating layer and the matrix 
region, respectively; iP  are shear moduli, 
( )i
rzW  (
( )i
rzH ) and 
( )i
zTW  (
( )i
zTH ) are stress (strain) components in 
the polar coordinates system (r,T ); the sub- and super-script LD  (D =1, 2) denote the two interfaces, 
respectively; LDP (D =1, 2) are the elastic constants of the interfaces and R e
it TD  (D =1, 2) denote 
the points on the circular arc interface LD . In addition, 
( ) ( )rz t
DWª º¬ ¼  represents the jump of the interface 
stresses and points to the positive normal direction of inclusion and matrix. The interface strain ( )Lz
D
TH  
(D =1, 2) equals to the associated tangential strain in the abutting bulk materials. 
Referring to the work of Muskhelishvili (1975), in the bulk solid, the displacements w(i), shear 
stresses ( )irzW  and 
( )i
zTW  can be written in terms of the analytical functions i(z) as follows 
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where '( ) ( )i iz zM  ) ᧨and the overbar represents the complex conjugate and the prime denotes the 
derivative with respect to the argument z. 
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For the present problem, the classical continuity conditions of displacements and the non-classical 
equilibrium conditions (2) on the interface can be given as (Liu and Fang, 2007) 
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For the convenience of analysis, the following new analytically extensional functions are introduced 
in the corresponding regions according to the Schwarz symmetry principle (Muskhelishvili, 1975). 
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where 2( ) ( )R z zM Mx x . 
Substituting Eqs. (6)-(9) into Eqs. (4) and (5) and with the aid of Eq. (3), we have 
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where the superscript I, C and M  refer to the boundary values of the physical quantity as z approaches the 
interfaces from the regions occupied by the inhomogeneity, the coating layer and matrix, respectively. 
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3. SOLUTION OF BOUNDARY VALUE PROBLEM 
Let us analyze the singularities of the complex functions. If a screw dislocation with Burgers vector (0, 0, 
bz) is located inside the matrix, the complex potential 3 ( )zM  in the matrix can be taken the form (Smith, 
1968) as 
3 30
0
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zbz z
j z z
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S
 * 

     2z R!  (14) 
where the first and second terms represent the complex potential for a screw dislocation in an infinite 
matrix in the absence of the inhomogeneity subjected to external shear loading;   3xz yzjW W Pf f*    is 
identified with the longitudinal stresses  ,xz yzW Wf f  at infinity. The third term 30 ( )zM  is holomorphic in 
the infinite matrix and represents the disturbance of the complex potential due to the coated inclusion. 
The complex potential 3 ( )e zM  can be evaluated by substituting Eq. (14) into Eq. (9) as 
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where 3 0 ( )e zM  is holomorphic in 2z R . 
* 2
2 0z R z  is assumed in the region 
2
1 2z R R . It will 
be seen that when the point falls in the other regions of 2z R , the same resulting solution is reached. 
The potential function of the coated layer 2 ( )zM  can be expanded into a Laurent series in the 
annular region 
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where GN(z) and GP(z) represent the sum of the negative and positive power terms, respectively. 
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where ak and bk (k=0, 1, 2, …) are the complex constants. It is seen that GN(z) and GP(z) converge in the 
regions 1z R!  and 2z R , respectively.  
According to the work of Muskhelishvili (1975) and some complex calculations, thus the analytical 
functions 1( )zM , 2 ( )zM  and 3 ( )zM  can be obtained 
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where 
11 1L
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22 2L
RP/  . The coefficients ka  and kb  are represented as recursion 
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If  
11 1 3 1 3
1Lm RP P P /     and  22 2 3 2 3 1Lm RP P P /    , that is, the effects of 
interface is ignored, The solution of complex potentials ( )i zM  (i=1, 2, 3) agrees with the result of Liu et 
al. (2003). If we let 1 2P P  and 1 2R R , the solution will be reduced to the solution on the interaction 
between a screw dislocation and an inhomogeneity with the interface effect (Liu and Fang, 2007). 
4. STRESS FIELD AND IMAGE FORCE ON DISLOCATION 
The image force acting on the dislocation plays an important role in understanding the mobility and so-
called trapping mechanism of the dislocation. Referring to the work of Liu and Fang (2007) and 
supposing that the remote loads vanishes and the screw dislocation lies at the point x0 on the positive x-
axis (z0 = x0>R2 is a real number). Due to ka  and kb  including j, in this case, fy = 0 and the component of 
the normalized image force along the x-axis direction is defined as  20 2 32x x zf R f bS P . That is 
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In the special case of 1 2P P  and 1 2 0/  /  , Eq. (23) becomes 
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which coincides with previous results for the circular inhomogeneity not accounting for interphase layer 
effect (Gong and Meguid, 1994) 
For the description of the effects of interfaces, one needs the constants  
11 1 3L
m RP P  and 
 
22 2 3L
m RP P . For simplicity, let 1 2/  / . Here m1 and m2 characterize the effects of interfaces. 
For a macroscopic inhomogeneity with bigger value of R1, m1, m2<<1, the interface effect can be 
neglected. However, when the size of an inhomogeneity reduces to nanometers, m1, m2 become noticeable, 
thus the interface effect should be taken into account (Streitz et al., 1994; Miller and Shenoy, 2000; Ou et 
al., 2008). In addition, we define the relative shear modulus 1 3D P P  and 2 3E P P , the relative 
location of the dislocation 0 2r x R  and the relative coating thickness 1 2R RO  . 
In Figs. 1, we illustrate the variation of the values of 0xf  with respect to the parameter r for the selected 
material constants, the interface parameters m1 and m2 , R1=15nm and coating thickness (Ȝ=0.95). It is 
shown from Fig. 1 that, if the matrix is softer than the inhomogeneity, which is harder than the coating 
(ȕ<Į<1) and the interface characteristic constants is positive 1 2 0/  / ! , the screw dislocation is first 
attracted then repelled by the coated inhomogeneity leading to an unstable equilibrium position near the 
inhomogeneity. It is remarkable different from the classical result, in which the soft inclusion will always 
attract the screw dislocation. It is seen that there exists significant local hardening at the interface due to 
the interface stress ( 1 2 0/  / ! ) and the softest coating. 
As the above considerations, let 1 2/  /  for simplicity. The variation of the normalized force 0xf  
with respect to the radius of a coated inclusion R2 is depicted in Figs. 2 for different values of Į and ȕ at 
r=1.05 with interface effects. It can be found that a positive value of 1/  produces the repulsive force 
acting on the screw dislocation while a negative value of 1/  produces the attractive force. The 
phenomenon cannot be predicted by classical elasticity without interface stress. This indicates that the 
local hardening and softening at the interface may exist due to the interface effect. In addition, the 
absolute values of image force increases with the decrease of the inclusion radius, and the size 
dependence becomes significant when the size of inhomogeneity is at nanoscale. 
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Fig. 1 The influence of moduli of a soft inhomogeneity and a soft coating on fx0 . 
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Fig. 2 The size effect of a soft inhomogeneity with soft coating layer on the fx0 at r=1.05. 
5. CONCLUSIONS 
The elastic interaction between screw dislocations and a circular coated inhomogeneity incorporating 
interface stress is considered in the light of surface elasticity. The elastic fields and the imagine force are 
obtained by utilizing complex variable method. To illuminate the surface effects, the image forces acting 
on screw dislocations are discussed in details, which includes the mobility and the stability of the 
appointed screw dislocation in the matrix and the influence of the material elastic dissimilarity, the 
coating thickness and the interface stress as well as the relative position of the dislocation. The results 
show that, the size dependence becomes significant when the size of a coated inhomogeneity is at 
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nanoscale, which is completely different from that in classic elasticity. Our results are helpful in the 
understanding of the motion mechanism of the dislocation and relevant physical phenomena in three-
phase nano-composite materials. 
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